INTRODUCTION
============

Soft tissue sarcomas (STSs) are a group of rare neoplasms of mesenchymal origin and account for approximately for 1.5% of all human malignancies.^[@R1]^ Surgery remains the radical treatment modality of choice in patients with localized tumors, and complete resection may afford the significant survival benefit.^[@R2]^ However, STS patients are at a great risk of recurrence and distant metastasis after resection.^[@R3]^ Currently, a variety of biomarkers have been introduced to predict clinical outcome in sarcoma patients. For instance, Kikuta established nucleophosimin as a candidate prognostic marker for Ewing\'s sarcoma patients by measuring its levels in biopsy samples before treatment.^[@R4]^ Additionally, Bui suggested a possible oncogenic and prognostic role for cytoplasmic Cx43 and Cx26 in EWS/PNET.^[@R5]^ Yang found that DR6 serum protein may be a tool for diagnosing some sarcomatous tumors, and that elevated DR6 levels may predict non-response to therapy.^[@R6]^ However, their utility is limited by complicated detection techniques and expensive costs. Therefore, reliable and convenient prognostic markers are urgently needed for predicting and identifying the patients at high risk of relapse and metastasis.

Growing evidence has shown the role of lipid metabolism in different cancers.^[@R7],[@R8]^ According to a study published in *Gut*, high serum levels of HDL cholesterol are associated with a reduced risk of developing colon cancer, which could be explained by the effects of HDL cholesterol in regulating the levels of proinflammatory cytokines and modulating oxidative stress.^[@R9]^ In neoplastic disease, membrane biogenesis requires large amounts of lipids, including total cholesterol, lipoproteins and triglycerides.^[@R10],[@R11]^ A decreased level of preoperative HDL-C was found to be associated with poor survival in patients with NSCLC.^[@R12]^ Low HDL-C is also associated with increased postmenopausal breast cancer risk^[@R13]^ and high LDL-C levels promote breast cancer progression.^[@R14]^ In hematological cancers, the lipid profile is closely related with the risk of cancer and the prognosis,^[@R15]--[@R17]^ some have reported that HDL-C was found to be a valuable independent prognostic factor in extranodal natural killer/T cell lymphoma.^[@R18]^ In addition, some researchers have found that cholesterol synthesis is enhanced in cancer cells compared normal cells. However, HDL-C was considered to be a risk prognostic factor regarding the prostate cancer based on some limited data from experimental studies.^[@R19]^ Thus, the prognostic value of HDL-C is still unknown in cancers. Recently, some studies have been examined the plasma lipid profile in sarcoma patients, and the results show that sarcoma patients have a highly significant reduction in serum levels of triglycerides and cholesterol and a moderate decrease in LDL-cholesterol and HDL-cholesterol when compared with normal control subjects.^[@R20]^ However, there is little information on the influence of lipid profile on clinical outcome in STS patients. Thus, predicting the survival of STS patients by measuring their lipid profile (HDL-cholesterol, LDL-cholesterol, cholesterol and triglycerides) may be helpful for prognostic assessment.

The aim of the current study was to assess the predictive value of the lipid profile for disease-free-survival (DFS) and overall survival (OS) in a cohort of STS patients who had undergone extensive and radical surgical resection.

PATIENTS AND METHODS
====================

Patient Selection
-----------------

A total of 234 STS patients who had undergone extensive and radical resection at Sun-Yat-sen University Cancer Center, Guangzhou, China from 2000 to 2010 were enrolled in this study. Written informed consent was obtained from each patient. Ethical approval was given by the medical ethics committee of Sun Yat-sen University Cancer Center IRB. All patients met the following eligibility criteria: all patients had confirmed STS, with no previous cancer; none had received treatment before serum collection; Sera were obtained from all patients before therapy, and the levels of HDL-C, LDL-C, CHO, and TG were measured using a Hitachi 7600--020 automatic biochemical analyzer. Follow-up examinations were conducted at regular intervals (3-month intervals during years 1 to 3, 6-month intervals during years 4 to 5, and 12-month intervals during years 6 to 15 after diagnosis).

Clinical information, including treatment scheme and histopathological diagnosis, were obtained from the patients' history. For the present study all histologic specimens were centrally re-reviewed by an independent experienced pathologist specialized in diagnosing STS at the Sun-Yat-sen University Cancer Center. The stage was classified according to the American Joint Committee on Cancer (AJCC) 7th Edition^[@R21]^ and tumors were graded according to the French Federation of Cancer Centers Sarcoma group (FNCLCC) grading system.^[@R22]^

Statistical Analysis
--------------------

Overall survival (OS), the primary end point of our study, was estimated in days from the time of radical operation until the time of death. The secondary end point was disease-free survival (DFS), which was determined from the date of curative resection to the date of the tumor recurrence or distant metastasis. We performed a receiver operating curve (ROC) analysis to determine the optimal cutoff values for the lipid profile. Chi-square^2^ test was used for analyzing the relationship between HDL-C level and clinic-pathological parameters. Kaplan-Meier method was used to calculate the survival probabilities and log-rank test was used to compare survival curves. The significance of the variables for survival was analyzed using the Cox proportional hazards model (univariate and multivariate analysis). A *P* \< .05 was considered statistically significant. All statistical analyses were performed using the SPSS software package (SPSS Statistics 17.0).

RESULTS
=======

Patient Characteristics and Histologic Subtype
----------------------------------------------

In our study, 234 patients underwent extensive and radical surgical resection for soft tissue sarcoma and their general characteristics are presented in Table [1](#T1){ref-type="table"}. The pathological subtype of soft tissue sarcoma was summarized^[@R3]^ and shown in Table [2](#T2){ref-type="table"}. The median age at time of surgery was 41 years (range from 5 to 78 years) and the median follow-up period was 79 months (range from 1 to 176 months). After performing receiver operating curve (ROC) analysis, the optimal cutoff value for HDL was 1.475 mmol/L (AUC: 0.655, 95% CI = 0.563--0.748), for LDL was 2.895 mmol/L (AUC: 0.545mmol/L, 95% CI = 0.452--0.648), for CHO was 4.120 mmol/L (AUC: 0.578mmol/L, 95% CI = 0.479--0.677), and for TG was 0.815 mmol/L (AUC: 0.532, 95% CI = 0.434--0.631).
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Histologic Type
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Relationship Between the HDL-C Level and Other Clinical Characteristics
-----------------------------------------------------------------------

The HDL-C level was significantly associated with gender (*P* = 0.001) and tumor site (*P* = 0.034). Females tended to have a higher level of HDL-C than males. None of the other clinicopathological parameters was associated with an HDL-C \<1.475 mmol/L, including age at operation, tumor grade, BMI, tumor size, tumor histology and AJCC stage (Table [3](#T3){ref-type="table"}).
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Prognostic Significance of the Clinical Characteristics in STS
--------------------------------------------------------------

In univariate analyses, we found significant associations of tumor grade, tumor size, tumor site, AJCC stage and HDL-C level with DFS and OS. In the multivariate analysis we observed significant associations of tumor grade, tumor site and HDL-C level with OS and DFS (Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}). The multivariate analysis was carried out based on age at operation, gender, BMI, tumor grade, tumor size, tumor site, AJCC stage, adjuvant radiotherapy, HDL-C level, LDL-C level, CHO level and TG level.
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Univariate and Multivariate Cox Proportional Analysis Regarding Disease-Free-Survival
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In both univariate and multivariate analysis, we found no significant associations of BMI with DFS and OS (Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}). So it is indicated that BMI was not an independent prognostic factor predicting the survival of soft-tissue-sarcoma. In addition, BMI was not significantly associated with the HDL-C concentration in our manuscript (Table [3](#T3){ref-type="table"}).

Prognostic Significance of the Serum Lipid Profile in STS
---------------------------------------------------------

Among the 234 patients, local recurrence or metastatic disease after curative surgical resection was diagnosed in 87 of 179 (48.6%) patients with an HDL-C level \<1.475 mmol/L and in 17 of 55 (32.1%) patients with an HDL-C level ≥1.475 mmol/L (*P* = 0.021). Regarding OS, death occurred in 49 of 179 (26.8%) patients with an HDL-C level \<1.475 mmol/L and in 7 of 55 (13.2%) patients with HDL-C level ≥ 1.475 mmol/L (*P* = 0.026).

In univariate analysis, a decreased HDL-C level was significantly associated with decreased OS (HR, 3.405; 95% CI, 1.445--8,021, *P* = 0.005) (Table [4](#T4){ref-type="table"}; Figure [1](#F1){ref-type="fig"}) and remained significant in the multivariate analysis that included tumor site, tumor grade (HR, 5.615; 95% CI, 1.243--25.378, *P* = 0.025) (Table [4](#T4){ref-type="table"}). Patients with HDL-C \<1.475 mmol/L showed a median OS of 71 months. In contrast, patients with HDL-C ≥1.475 mmol/L had a median OS of 101 months. In univariate analysis, a decreased HDL-C level was significantly associated with decreased DFS (HR, 2.085; 95% CI, 1.271--3.422, *P* = 0.004) (Table [5](#T5){ref-type="table"}; Figure [2](#F2){ref-type="fig"}) and remained significant in the multivariate analysis that included tumor grade, tumor size and tumor site (HR, 1.808; 95% CI, 1.118--2.924, *P* = 0.016) (Table [5](#T5){ref-type="table"}). Patients with HDL-C \<1.475 mmol/L presented with a median DFS of 47 months, whereas patients with HDL-C ≥1.475 mmol/L had a median DFS of 78 months.
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In individual subgroup analyses, we found a significant association between decreased HDL-C levels and decreased OS in \> = 5 cm tumors in univariate analysis (HR, 6.402; 95% CI, 1.963--20.880, *P* = 0.002) and in multivariate analysis (HR, 9.667; 95% CI, 1.155--80.918, *P* = 0.036). Patients with decreased HDL-C levels shown decreased OS also in I+II stage in univariate analysis (HR, 8.624; 95% CI, 2.049--36.301, *P* = 0.003) and in multivariate analysis (HR, 6.355; 95% CI, 1.395--28.957, *P* = 0.017) (see Supplementary Table [1](#T1){ref-type="table"}, <http://links.lww.com/MD/A270>, Supplemental digital content, <http://links.lww.com/MD/A270>, which shown the association between HDL-C levels and OS in individual subgroup).

In addition, patients with decreased HDL-C levels showed decreased DFS in \> = 5 cm tumors in univariate analysis (HR, 2.485; 95% CI, 1.307--4.723, *P* = 0.005) and multivariate analysis (HR, 1.773; 95% CI, 1.016--3.096, *P* = 0.044). While patients with decreased HDL-C levels shown decreased DFS in I+II stage only in univariate analysis (HR, 2.229; 95% CI, 1.226--4.053, *P* = 0.009) (see Supplementary Table [2](#T2){ref-type="table"}, <http://links.lww.com/MD/A270>, Supplemental digital content, <http://links.lww.com/MD/A270>, which shown the association between HDL-C levels and DFS in individual subgroup).

DISCUSSION
==========

Previous studies proposed that abnormal lipid profiles may be associated with the occurrence and progression of cancers.^[@R23]--[@R25]^ In recent years, there has been increasing evidence that HDL-C correlates with clinical outcome in patients with some cancers.^[@R26]--[@R28]^ In gastrointestinal cancer patients, a low preoperative serum HDL-C concentration is a potential biomarker of advanced Pn2--3 stages.^[@R29]^ Van Duijnhoven FJ reported that high concentrations of serum HDL are associated with a decreased risk of colon cancer based on cohort studies.^[@R9]^ In lung cancer, a higher HDL-C concentration has been proven to be associated with a decreased risk of cancer overall.^[@R12],[@R30]^ In prostate cancer, high HDL-C is regarded as a prognostic factor indicating a poor clinical outcome.^[@R19]^ However, in STS, there have not been any studies that have indicated an association between lipid profile and disease outcome. In this present study, we established the association between HDL-C and soft tissue sarcoma and showed that decreased pre-operative HDL-C in the peripheral blood was associated with decreased DFS and OS in STS patients following radical surgery.

There are several possible reasons, which could account for the association between HDL-C levels and tumorigenesis. First, it has been established that a major function of HDL is to maintain normal cell cholesterol homeostasis by removing excess cholesterol from an intracellular pool.^[@R31],[@R32]^ Cancer cells need excess cholesterol and intermediates of the cholesterol biosynthesis pathway to maintain a high level of proliferation is well accepted.^[@R33]--[@R35]^ The up-regulation of cholesterol biosynthesis and uptake are considered to be consistent with carcinogenesis. The possible factor that promote the upregulation of cellular cholesterol synthesis are the abundant availability of precursors (acetyl-CoA), via glycolysis that potentiates de novo fatty acid synthesis.^[@R11],[@R36]^ Based on these data, the explanation of the reduction of HDL-C levels in plasma is that the activity of HDL-C receptor pathway was enhanced to prevent the accumulation of intracellular cholesterol during tumor development and lymphatic spread.^[@R29]^

Another mechanism includes the involvement of HDL in the regulation of levels of proinflammatory cytokines and modulation of oxidative stress. Decreased levels of HDL have been associated with increased circulating levels of proinflammatory cytokines such as interleukin 6(IL-6) and tumor necrosis factor-α receptors, whereas increased levels of HDL-C are related to raised levels of anti-inflammatory cytokines such as IL-10.^[@R37]^ These proinflammatory cytokines are considered to stimulate cellular proliferation and inhibit apoptosis.^[@R38]^ In contrast, anti-inflammatory cytokines inhibit the production of these proinflammatory cytokines.^[@R39]^ In addition, HDL protects LDL from oxidative damage,^[@R40],[@R41]^ which has been described as a cause of tumorigenesis.^[@R42]^

Furthermore, some other data supports the notion that cancer cells are able to uptake cholesterol from the plasma. For example, there is an increased expression of LDL-C receptor in breast cancer tissue compared to normal tissue.^[@R43]^ These findings suggest that during the process of carcinogenesis, tumor cells exploit the cholesterol from peripheral tissues to satisfy their increased cholesterol requirements.

To our knowledge, this is the first study to explore the prognostic value of HDL-C in soft tissue sarcoma. These findings might have potentially crucial impacts, as the levels of HDL cholesterol could be useful for advising patients to lead a healthier lifestyle. Moreover, lipid metabolism plays a significant role in STS, which could provide a valuable clue in the prognosis and treatment for STS. However, there are a few limitations of the present study. It is limited mostly by its retrospective design and the heterogeneous group of histologic subtypes. However, as STSs are rare tumors, the pooling of different histological subtypes by tumor grade has been well established in prognostic studies.

In conclusion, our study clearly indicates the potential prognostic utility of pre-operative plasma HDL-C levels as an independent factor in STS patients who have undergone extensive and radical surgical resection. However, in the future, it will be necessary to conduct large-scale multicentre studies and to accumulate cases, as well as to determine the mechanistic details in vitro.
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